ABStrAct:
The objectives of this study were to evaluate the effects of castration method (banding vs. surgical) and use of analgesia on behavior and feedlot performance in cull bulls. Angus, Hereford, and Anguscrossbred bulls (n = 20; initial BW = 384 ± 59.3 kg; 336 ± 20.1 d old) were housed in feedlot pens equipped with the ability to measure individual daily feed intake. A balanced randomized block design using a 2 × 2 factorial arrangement of treatments was used. A multimodal analgesia (MMA) protocol was used and consisted of sutcutaneous ketamine stun containing butorphanol (0.01 mg/kg BW), xylazine (0.02 mg/kg BW), ketamine (0.04 mg/kg BW), and a local 2% lidocaine hydrochloride anesthetic block of the spermatic cords (10 mL/ cord) and scrotum (10 mL) on d 0. Flunixin meglumine (1.2 mg/kg) was administered intravenously on d 0, 1, 2, and 3 to MMA cattle. Cattle were stratified to treatments based on breed, BW, age, and a temperament score. Treatments included 1) band castration without analgesia (BND), 2) band castration with analgesia (BND-MMA), 3) surgical castration without analgesia (SURG), and 4) surgical castration with analgesia (SURG-MMA). All castrations were performed on d 0. Chute exit velocity (EV) and time in chute (TIC) were collected on d -9, 0, 1, 2, and 13. Willingness-to-enterchute (WTE) score, rectal temperature (TEMP), heart rate (HR), and respiration (RESP) were collected on d 0, 1, 2, 3, and 13. Cattle were weighed on d -9 and 13 while feeding behaviors were collected continuously for 57 d precastration and 28 d postcastration. There was a tendency (P < 0.09) for ADG to be greater in cattle receiving analgesia. Both SURG treatments exhibited elevated TEMP on d 1 (P < 0.001) and 2 (P < 0.05) compared to BND treatments. Postcastration DMI was greater (P = 0.02) in MMA treatments compared with nonmedicated treatments throughout the trial. Meal duration was greater (P < 0.05) in BND than SURG castrates during the first week postcastration. Results suggest that pain mitigation reduces the impact of castration on ADG and DMI. method of bulls in the United States. Reduced acute pain response occurs with banding, but banding decreased ADG in 14-mo-old beef bulls (Fisher et al., 2001) . Local anesthetics at castration have been shown to reduce cortisol response (Thüer et al., 2007) and improve ADG in 5.5-mo-old bull calves compared to castrates that did not receive local anesthetics (Fisher et al., 1996) . In addition, nonsteroidal anti-inflammatory drugs (nSAId), specifically flunixin meglumine, have been shown to visibly reduce pain response up to 8 h postcastration (Currah et al., 2009) . Therefore, the objective of this study was to evaluate the effects of castration method (banding vs. surgical) and use of a multimodal analgesia (MMA) approach on behavior and feedlot performance in yearling cull bulls.
MAtErIALS And MEthodS
This project was approved by the Institutional Animal Care and Use Committee at Colorado State University. Angus (n = 5), Hereford (n = 4), and Angus-, Hereford-, and Simmental-crossbred (n = 11) cull bulls weighing 384 ± 59.3 kg and 336 ± 20.1 d old were castrated via 4 treatments in a 2 × 2 factorial arrangement, with 2 castration methods (banding vs. surgical) and the use, or not, of MMA.
All animals were housed in a 30 by 60 m feedlot pen. Bulls had ad libitum access to feed via 4 radio frequency identification linked individual feedbunks (Growsafe Systems Ltd., Airdrie, AB, Canada) that enabled collection of daily individual animal feed intake, meal duration, and meal size in a group feeding environment; however, only 4 animals could access feed at any one time. The diet was composed of corn silage, ground alfalfa hay, and a vitamin and mineral supplement, and bulls were acclimated to the feeding system for 14 d, beginning 80 d before castration. Bulls were vaccinated with clostridium perfringens types C and D and tetanus toxoid (Bar Vac CD/T; Boehringer Ingelheim, St. Joseph, MO) 14 d before castration.
Dry matter intake, meal duration, and meal size were averaged for 57 d before castration to establish baseline feeding behaviors for each bull. Postcastration feeding behavior data were collected for each castrate from d 0 to 28. A meal event was defined as a castrate feeding with no more than 300 s passing between visits to the bunk, and a meal event could have been composed of multiple feed events, which were defined as a castrate feeding for more than 20 s. Meal duration was calculated on a daily basis and was the average duration of meal events on a given day whereas meal size was the average amount of feed consumed during all meal events on a given day (Garossino, 2011) .
As animals entered the chute on d 0, 1, 2, 3, and 13, a willingness-to-enter-chute (WtE) score was assigned using a 9-point scale (1 = entered chute without pressure on the animal's flight zone, 2 = entered chute with only an approach to the alley by the handler, 3 = entered chute with only an anterior-to-posterior stroke of the back, 4 = entered chute with light contact on the back from the handler, 5 = required a tail twist to enter the chute, 6 = required physical contact via a driving aid, 7 = required one application of an electric prod (i.e., "hot shot"), 8 = required more than 1 application of an electric prod, and 9 = the handler was unable to drive the animal into the squeeze chute). All handlers were trained to evaluate animals using the WTE scoring system. On d -9, 0, 1, 2, and 13, objective time in chute (tIc) and exit velocity (EV) values were collected using an infrared sensor timing system (FarmTek Inc., North Wylie, TX). The EV (m/s) was collected beginning 1.892 m from the head catch and ending 1.892 m beyond that point. Immediately on restraint on d -9, 0, 1, 2, 3, and 13, a subjective chute score (cS) was determined for each animal when the observer marked a 15-cm-long line anchored at 0 (calm) and 5 (aggressive), in accordance with the procedure of Gruber et al. (2010) .
At the time of castration (d 0), bulls received a procedure response score (rS) on a 4-point scale (0 = standing on all 4 feet during the castration procedure, 1 = treading of front or rear feet during the castration procedure, 2 = 1 to 3 kicks of a rear foot during the castration procedure, and 3 = more than 3 instances of kicking or hopping on rear feet during the castration procedure), which was determined by a technician observing the procedure.
Bulls were stratified by breed, BW, age, and a combined temperament score (EV + CS + vocalization) collected on d -9 and assigned to 1 of 4 treatments: band castration without analgesia (Bnd), band castration with analgesia (Bnd-MMA), surgical knife castration without analgesia (SurG), and surgical knife castration with analgesia (SurG-MMA).
Surgical castrations (SURG and SURG-MMA) were prepared by scrubbing the scrotum with pieces of rolled cotton soaked in dilute betadine solution. The distal aspect of the scrotum was excised using a sterile scalpel blade, and the external spermatic fascia was stripped away from the testes using 10.16 cm 2 gauze pads. Once exposed, the spermatic cord was twisted and ligated using a Henderson Castration Tool (Stone Manufacturing, Kansas City, MO) attached to a 14 V cordless electric drill (Dewalt Industrial Tool Co., Baltimore, MD). The same experienced veterinarian completed all surgical castrations to ensure consistency. Oxytetracycline (LA-200; Pfizer Animal Health, New York, NY) was subcutaneously (s.c.) administered at 4 mg/kg BW to both SURG and SURG-MMA treatments. Conversely, BND and BND-MMA were completed by securing a latex band around the neck of the scrotum using a Callicrate Bander (NO-BULL Enterprises, St. Francis, KS). The same experienced technician completed all band castrations.
Analgesia treatment groups (BND-MMA and SURG-MMA) received a s.c. injection containing bu-torphanol (0.01 mg/kg BW), xylazine (0.02 mg/kg BW), and ketamine (0.04 mg/kg BW) on restraint in the chute (Abrahamsen, 2008) . In addition, 2% lidocaine was used as a local anesthetic injected at 10 mL/spermatic cord and a 10 mL s.c. infiltration of the scrotum. Upon restraint on d 0, all animals were haltered and flunixin meglumine (Flunixin Injectable; Norbrook Laboratories, Ltd., Newry, Ireland) was administered intravenously (i.v.; 1.2 mg/kg) to MMA treatments. All MMA cattle also received flunixin meglumine (1.2 mg/kg i.v.) on d 1, 2, and 3. Body weight was collected on d -9 and 13 from which ADG was calculated. Heart rate (hr), respiration rate (rESP), and rectal temperature (tEMP) were collected immediately before castration as well as on d 1, 2, 3, and 13 postcastration after CS designation. Rescue analgesia of 1.2 mg/kg BW of flunixin meglumine was administered i.v. to 1 castrate in the SURG treatment at 24 h postsurgery due to extreme discomfort (i.e., did not readily stand when approached recumbent in the pen). The rescue analgesia administered to this castrate was not accounted for in the statistical analyses, nor was this animal removed from the study.
Statistical Analyses. Average daily gain, G:F, TIC, RS, and d 0 EV were analyzed using 2-way ANOVA, with the main effects of castration methods and presence of MMA, using the mixed model procedure of SAS (SAS Inst. Inc., Cary, NC). Heart rate, TEMP, RESP, EV, CS, and WTE were analyzed in a repeated measures model using PROC GLIMMIX of SAS, with individual castrate as the subject and collection day as the repeated factor. In this analysis, subjects were classified by factors including method and MMA, and the repeated measurement factor was day. Day 0 values were used as covariates for HR, TEMP, and RESP when analyzed in the repeated measures model whereas d -9 was used a covariate for EV, CS, and WTE in analyzing least square means for all other days. Dry matter intake, meal size, and meal duration were analyzed using the same repeated measures model, with average values from d -57 to -1 used as covariates. Additionally, postcastration weekly averages were studied because of high daily variability of feeding variables. Autocorrelated (across time) error structures were considered for repeated measures of feeding variables but were not used based on the Akaike's information criteria. If interactions between method and presence of MMA were not significant (P > 0.10), method and MMA values averaged over main effects were compared separately by day, week, and overall. Method × day and MMA × day interactive effects were studied by comparing main effect values separately. Comparisons were made regardless of significance of corresponding effect because certain days were of a priori interest.
rESuLtS And dIScuSSIon
There was no (P = 0.07) castration method × MMA interaction for ADG, and ADG was not (P = 0.30) affected by castration method (Table 1) . When comparing SURG and BND in 14 mo-old bulls, Fisher et al. (2001) demonstrated that postcastration growth was greater in SURG than BND castrates, but both castration groups had reduced growth rates when compared to intact bulls. In contrast, in the current study there was no effect of castration method on ADG. However, a previous study examining the effect of method of castration and breed in postpubertal bulls found no differences in ADG between band and surgical castrates' growth rates across all breed groups (Chase et al., 1995) , concurring with the results from the current study. a,b Within main effect, means without common superscripts differ (P < 0.05) 1 A 2 × 2 factorial arrangement was used with factors being method of castration and pain mitigation. Method of castration was either band or surgical castration. Pain mitigation was provided with a multimodal analgesia (MMA) approach, which consisted of subcutaneous ketamine stun and local lidocaine block at time of castration (d 0) and intravenous flunixin meglumine at d 0, 1, 2, and 3.
2 There was no (P > 0.10) method × MMA presence interaction for ADG, DMI, G:F, meal size, or meal duration. Therefore, the main effects of method and MMA presence have been reported.
3 Meal size was defined as the average amount of feed consumed/meal event.
Conversely, MMA-treated castrates gained 0.37 kg/d more (P = 0.09) than castrates that did not receive analgesia (Table 1 ). An experiment that evaluated the effects of a xylazine epidural and flunixin meglumine administration at banding found no differences in ADG between medicated and nonmedicated groups (González et al., 2010) , and i.v. administration butorphanol and xylazine had no effect on ADG of 9-mo-old surgically castrated beef calves (Faulkner et al., 1992) .
Banded castrates exhibited greater (P = 0.003) DMI than SURG castrates 1 d postcastration (results not reported); otherwise, DMI did not (P > 0.10) differ between BND and SURG (Table 1) . Even though there was no (P = 0.80) castration method × MMA interaction, DMI was 1.57, 2.83, and 1.44 kg/d greater (P ≤ 0.04) in castrates receiving MMA on d 1, 2, and 3 postcastration (Fig. 1) . In addition, MMA treatments resulted in greater (P < 0.05) DMI during the first 2 wk postcastration as well as the 28-d postcastration feeding period (Table 1) . González et al. (2010) reported that pain mitigation decreased DMI after BND and sham castration, and Faulkner et al. (1992) demonstrated that i.v. administration of butorphanol and xylazine reduced postcastration DMI. The differences between the present study and those of Faulkner et al. (1992) and González et al. (2010) may be attributed to sedation strategy (s.c. ketamine stun vs. epidural xylazine), administration of flunixin meglumine, and/or reduced dose of butorphanol (0.07 vs. 0.01 mg/kg BW). The current study only examined the 28-d period after castration and it is not known if these effects would be compensated for by the time of slaughter although by week 3 the effect of MMA equilibrated. Ketamine and butorphanol are controlled substances and must be administered by a Drug Enforcement Administrationlicensed veterinarian, which could inhibit widespread use in the beef industry. Hence, further investigation is needed to develop pain mitigation strategies that are more accessible to the beef cattle industry.
There was no (P = 0.77) castration method × MMA interaction for G:F, nor were there main effects of method (P = 0.16) and MMA (P = 0.32) on G:F (Table 1) . This is likely a function of the fact that there were no differences in ADG.
There were neither main effects of castration method (P = 0.90) and MMA (P 0.79) nor castration method × MMA (P = 0.40) and method × MMA × day (P = 0.54) interactive effects for meal size; however, BND castrates exhibited greater (P = 0.05) meal sizes during the first week after castration (Table 1) , especially on d 5 and 7 (P ≤ 0.04), but reduced (P = 0.02) meal size on d 12 (castration method × day, P = 0.001; Fig. 2 ). These results of SURG on meal size are indicative of the acute response. Temporal effects associated with meal size indicate that SURG elicits an adverse response to consumption at a single meal event. This was evidenced by differences in Figure 2 . Main effects of castration method (A) and analgesia presence (B) on meal size (±SEM) for a 27-d period after castration in cull beef bulls. Pain mitigation was provided via a multimodal analgesia (MMA) approach. BND = band castration; SURG = surgical castration; MMA = subcutaneous ketamine stun and local lidocaine block at time of castration (d 0) and intravenous flunixin meglumine at d 0, 1, 2, and 3; NO-MMA = no analgesia present. Meal size was defined as the average amount of feed consumed per meal event, which was defined as an animal feeding for more than 300 s. a,b Means without common superscripts differ (P < 0.05).
DMI across the main effect of method. Furthermore, it appears that a delayed response potentially associated with BND does not occur with the same magnitude as surgical castration.
There was neither a main effect of MMA (P = 0.48) nor interactive effects of MMA with castration method (P = 0.65) and day (P = 0.39) on meal duration (Table 1). Banded castrates exhibited greater (P = 0.002) meal durations during the first week after castration than SURG (Table 1) , particularly on d 2, 3, 5, 7, and 8 (P ≤ 0.02); however, SURG castrates had greater (P = 0.03) meal durations on d 12, 14, and 19 than BND castrates (castration methods × day, P < 0.0001; Fig. 3 ). Although meal duration has not been examined previously in regard to castration or pain mitigation, these results clearly demonstrated that SURG castrates had an acute response to castration as displayed by the reduction in meal duration whereas the reduction in meal duration in BND castrates was indicative of delayed response to castration. Although there was no (P = 0.39) interactive effect of MMA and day, MMA-treated cattle exhibiting greater (P ≤ 0.02) meal duration on d 2, 3, and 7 (Fig. 3) . The flunixin meglumine administered on d 2 and 3 may explain the increased meal size; however, it is difficult to determine the cause of the difference on d 7.
Although there was no (P = 0.10) castration method × MMA interaction for TIC, TIC for SURG was 318.0 ± 48.75 s greater (P < 0.001) than BND, and MMA- treated castrates had 115.4 ± 48.75 s greater (P = 0.03) TIC than nonmedicated castrates (Table 2) . It was not surprising that SURG castration and MMA treatments were more time consuming than simply BND castration, and this extended time has the potential to compromise its use by some in the beef industry.
Exit velocity immediately after castration as well as 1 and 2 d postcastration was not (P > 0.10) affected by castration method or presence of analgesia (Table  2 ). On d 13 postcastration, however, SURG castrates had greater (P = 0.03) EV than BND castrates whereas MMA-treated castrates exhibited greater (P = 0.04) EV than their untreated counterparts. Furthermore, when EV was pooled across all days postcastration and analyzed independent of d 0 (with d -9 as a covariate), overall EV was 0.40 ± 0.145 m/s greater (P = 0.04) in MMA-treated cattle (Table 2) . Baldridge et al. (2011) reported that the combination of treating drinking water with sodium salicylate and an intramuscular ketamine stun failed to alter chute EV after castration or dehorning dairy bull calves; however, use of only the ketamine stun reduced EV on the day of castration. Age and breed of bulls may explain the differences in EV observed between Baldridge et al. (2011) and the current study.
Neither CS nor WTE was effected (P > 0.10) by castration method or MMA, regardless of time postcastration (Table 2) . No studies have documented the effect of castration on CS beyond the time of castration, but Gruber et al. (2010) noted that more aggressive CS were associated with reductions in ADG and beef carcass quality.
There was no (P = 0.46) castration method × MMA interaction for RS but SURG castrates received a greater (P < 0.01) RS than BND castrates, and RS were less (P < 0.01) in MMA-treated castrates (Fig. 4) . When compared to castrates having received i.v. administration ketamine and xylazine, Coetzee et al. (2010a) found that no sedation resulted in a greater number of castrates exhibiting violent escape behavior. Findings from the current study support the contention that MMA decreas- Means within the same row and main effect without a common superscript were different (P < 0.05).
1 A 2 × 2 factorial arrangement was used with factors being method of castration and pain mitigation. Method of castration was either band or surgical castration. Pain mitigation was provided with a multimodal analgesia (MMA) approach, which consisted of subcutaneous ketamine stun and local lidocaine block at time of castration (d 0) and intravenous flunixin meglumine at d 0, 1, 2, and 3.
2 There was no (P > 0.10) method × MMA presence interaction for TIC, EV, CS, or WTE. Therefore the main effects of method and MMA presence have been reported.
3 Exit velocity was collected on animals leaving the chute using an infrared barrier system as the velocity exhibited 1.892 to 3.784 m beyond the head catch. 4 Chute score was determined on head restraint with 0 = calm and 5 = aggressive on a 15-cm line (Gruber et al., 2010) .
5 Least square means were studied independent of any other d for d 0, but d 1, 2, 3 (if collected) and 13, and overall means were studied using d -9 as a covariate.
6 Willingness-to-enter-chute was determined 1 to 9 as 1 = entered chute without pressure on the animal's flight zone, 2 = entered chute with only an approach to the alley by the handler, 3 = entered chute with only an anteriorto-posterior stroke of the back, 4 = entered chute with light contact on the back from the handler, 5 = required a tail twist to enter the chute, 6 = required physical contact via a driving aid, 7 = required one application of an electric prod (i.e. "hot shot"), 8 = required more than 1 application of an electric prod, and 9 = the handler was unable to drive the animal into the squeeze chute.
7 Least square means were studied independent of any other d for d 0, but d 1, 2, 3, and 13, and overall means were studied using d 0 as a covariate. and intravenous flunixin meglumine at d 0, 1, 2, and 3. Response score was determined as 0 = standing on all 4 feet during the castration procedure, 1 = treading of front or rear feet during the castration procedure, 2 = 1 to 3 kicks with a rear foot during the castration procedure, and 3 = more than 3 instances of kicking or hopping on rear feet during the castration procedure. There was no method × MMA interaction (P > 0.10); therefore, the main effects of method of castration and presence of MMA were compared. a,b Within each main effect, means without common superscripts differ (P < 0.05).
es acute resistance responses when castrating yearling bulls, at least based on behavior in the chute.
Rectal temperature was higher in SURG than BND castrates on d 1 (P < 0.001) and 2 (P = 0.03) but not (P > 0.10) on d 3 or 13 postcastration (castration method × day, P = 0.04; Table 3 ). Inclusion of MMA treatment did not (P > 0.10) affect TEMP on any day; however, when TEMP was pooled across all observation days, the overall TEMP of SURG, SURG-MMA, and BND-MMA castrates was greater (P < 0.01) than that of BND castrates (castration method × MMA, P = 0.04; Fig. 5 ). Elevated TEMP among surgical castrates was a result of an inflammatory response to soft tissue injury at the surgical site (Cahn and Line, 2005) .
There was no method × MMA interaction for HR (P = 0.98) or RESP (P = 0.88), but HR of SURG castrates was greater than BND castrates on d 1 (castration method × method ×day, P = 0.005; Table 3 ). The increase in HR could be attributed to the release of catecholamines (i.e., inflammatory mediators) in response to SURG, subsequently causing vasodilation and altering cardiac output (Stewart et al., 2010) . Moreover, the pain-mitigating effect of MMA treatment on inflammatory mediators in response to castration may explain the observed reduction in RESP.
Previous studies have shown that the MMA principle allows for a synergistic effect of drugs by using a lower dose of each drug in combination to minimize the detrimental effect of each (Lamont, 2008) . The MMA protocol used in the current study incorporated an α 2 -adrenergic agonist (xylazine), an opioid (butorphanol), a N-methyl-D-asparate receptor antagonist (ketamine), a NSAID (flunixin meglumine), and a local anesthetic (lidocaine hydrochloride; Abrahamsen, 2008) . Results of the current study suggest that MMA allowed for production and welfare benefits in regards to DMI and RS. It could be hypothesized that the absence of negative side effects associated with the products used in the current study can be attributed to this MMA approach.
The Guide for the Care and Use of Agricultural Animals in Research and Teaching (FASS, 2010, p. 68) suggests that, "It may be desirable to inject local anesthetic in the scrotum of calves heavier than 230 kg when surgical methods of castration are used or when the spermatic cords are crushed." The current study did not study the effects of local anesthetic alone at castration, but the results support the use of pain mitigation at castration of bulls weighing over 230 kg. However, said guide should continue to consider the body of literature associated with castration in its recommendations. a,b Within each main effect (method of castration or presence of analgesia), means without common superscripts differ (P < 0.05).
2 There was a method × MMA interaction (P < 0.05) but no method × MMA × d interaction (P > 0.10) for TEMP. Therefore, overall least square mean TEMP by main effect of castration method and presence of MMA were not reported.
3 There was no (P > 0.10) method × MMA presence interaction for HR or RESP; therefore, main effects of method and MMA presence have been reported.
There is a relatively limited understanding of how to best measure pain response in cattle. This makes it difficult to determine what behaviors to evaluate and how to score these behaviors during potentially painful procedures, such as castration, to evaluate methods of pain mitigation. However, differences in DMI, HR, TEMP, RS, and EV between BND and SURG appear to be good indicators of acute pain response to castration. Knowledge on behaviors related to pain associated with castration is vital for the approval of more effective pain mitigation strategies for use in combination with castration in food-producing livestock.
